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Tropospheric	chemistry	data	assimilation

Forecast Model Observation

Assimilation scheme

Applica;ons:	Chemical	reanalysis,	emission	es;ma;on,	air	quality	forecas;ng,	OSSEs

Data assimilation performance

MulE-model	chemical	data	assimilaEon	using	a	common	EnKF	approach	
• invesHgate	the	importance	of	forecast	model	performance	
• provide	mulH-model	integrated	data	assimilaHon	analysis
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1. GEOS-Chem 2. AGCM-CHASER
(TCR-1) 3. MIROC-Chem 4. MIROC-Chem-H

(TCR-2)
Horizontal	
resolution 2°x2.5° 2.8°x2.8° 2.8°x2.8° 1.1°x1.1°

Vertical	
resolution

47	layers	to	0.1	hPa	
(hybrid)

32	layers	to	4	hPa	
(sigma)

32	layers	to	4	hPa	
(hybrid)

32	layers	to	4	hPa	
(hybrid)

Forecast	model GEOS-Chem	v9		
(adjoint	v35)

CCSR/NIES/FRCGC	
AGCM-CHASER MIROC-Chem MIROC-Chem

Chemistry 43	species,	318	
reactions 47	species,	88	reactions 92	species,	262	

reactions
92	species,	262	

reactions

Met	data GEOS-5 Nudged	to	NCEP-2 Nudged	to	ERA-Interim Nudged	to	ERA-Interim

A	priori	
emissions

EDGAR,	NEI2008,	
RETRO,	GFED2,

EDGAR	4.2,	GFED	3.1,	
GEIA

EDGAR	4.2,	GFED	3.1,	
GEIA HTAP2,	GFED4,	GEIA

Assimilated	
measurements

OMI,	SCIAMACHY	
(DOMINO2),	TES	(v5),	
MOPITT	(v6	NIR),	MLS	

(3.3)

OMI,	SCIAMACHY	
(DOMINO2),	TES	(v5),	
MOPITT	(v6	NIR),	MLS	

(3.3)

OMI,	SCIAMACHY	
(DOMINO2),	TES	(v5),	
MOPITT	(v6	NIR),	MLS	

(3.3)

OMI	(QA4ECV,	PCA),	
SCIAMACHY	(QA4ECV),	
TES	(v6),	MOPITT	(v7J),	

MLS	(v4.2)

Assimilated	
species O3,	CO,	NO2,	HNO3 O3,	CO,	NO2,	HNO3 O3,	CO,	NO2,	HNO3 O3,	CO,	NO2,	SO2,	HNO3

State	vector
Concentrations	of	43	
species	+	emissions	
(NOx,	CO,	LNOx)

35	species	+	emissions	
(NOx,	diurnal	

variability,		CO,	LNOx)

35	species	+	emissions	
(NOx,	diurnal	

variability,		CO,	LNOx)

35	species	+	emissions	
(NOx	,diurnal	

variability,	CO,	SO2,	
LNOx)

Model	
reference Henze	et	al.	(2007) Sudo	et	al.	(2002) Watanabe	et	al.	(2011) Sekiya	et	al.	(2018)

DA	reference Miyazaki	et	al.,		
to	be	submitted

Miyazaki	et	al.	2012a,b	
2013,	2014,	2015 Miyazaki	et	al.	2017

Miyazaki	et	al.	2018a	&		
paper	in	prep.,	Kanaya	
et	al.,	2019,	Thompson	

et	al.,	2019

MIROC-ESM�

Atmospheric Chemistry model: O3%O%O1D%N%N%O%NO2%NO3%N2O5%HNO3%HNO4%
H2O2%CO%C2H6%C3H8%!C2H4%C3H6%ONMV%C5H8%C10H16%CH3COCH3%CH2O% 
CH3CHO%CH3OH%NALD%MGLY%HACET%MACR%PAN%MPAN%ISON%CH3OOH%C2H5OOH%C3H7OOH%ISOOH%HOROOH%CH3COOOH%MACROOH%
O3S%O1DS%SPRSO2%SPRSO4%OCS%CH4%N2O%Cl%!ClO%OClO%ClOOCl%ClONO2%HOCl%HCl%Cl2%CH3Cl%CCl4%CH3CCl3%CFC11%CFC12%CFC113%
HCFC22%Br%BrO%BrONO2%HOBr%HBr%CH3Br%Br2%BrCl%H1211%H1301%CHBr3%H%OH%HO2%CH3O2%C2H5O2%C3H7O2%CH3COO2%CH3COCH2O2%
HOC2H4O2%HOC3H6O2%ISO2%MACRO2$084 speces1�
!!!!!!!!!!!!!!!!!!!!!!9;!chem. tracers>!9;!photo-dissociation reactions>!5;8!chem. reactions�

SEIB-DGVM$�
as terrestrial 
ecosystem 
model�

(T42L80) 

NPZD-type  
Marine eco- 
system  model�

Aerosol model 
(SPRINTARS)�

Carbon cycle  
model  
(Sim-cycle)�



MulE-consEtuent	chemical	data	assimilaEon

MLS	(O3,	HNO3)

OMI	
SCIAMACHY	
GOME-2	
TROPOMI	
(NO2)

MOPITT	
(CO)

TES	
(O3,	PAN)	
AIRS/OMI	

(O3)

OMI	(SO2)

Miyazaki	et	al.,	2012,	2013,	2014,	2017,	2019

Assimilated	
measurements

→	NOx,	CO,	SO2	emissions	

→	Lightning	NOx	
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vs	TES	ozone	(assimilated)

Model

DA

Model	
-	TES

DA	
-	TES

Ozone,	510	hPa,	annual	mean
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vs	TES	ozone	(assimilated)

Model

DA

Model	
-	TES

DA	
-	TES

-20 ppb

MulE-model	standard	deviaEon

5-10 ppb

< 3 ppb
(30-85% reductions)

DA	provides	highly	consistent	analysis	fields	of	ozone,		
less	dependent	on	the	performance	of	the	individual	models.

Ozone,	510	hPa,	annual	mean



vs	WOUDC	
ozonesonde
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GEOS-Chem
AGCM-CHASER
MIROC-Chem
MIROC-Chem-H

OBS

AssimilaEon
Model

DA	improved	the	agreements	with	ozonsondes	and	the	mulH-model	consistency		
Annual	mean	bias	reducHons:	by	39–97%	for	the	globe

MulH-model		
mean/spread

Annual	mean	bias	
Model:	10.6±7.6	
Assim:	1.1±2.3

Model:	-2.5±2.5	
Assim:	1.6±1.1

Model:	1.8±2.7	
Assim:	3.3±1.6

Model:	4.1±8.6	
Assim:	-1.5±2.1
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vs	Surface	CO	(WDCGG)

Removed	negaHve	model	biases	(by	25–70	ppb	in	NH	and	10–60	ppb	in	the	tropics)	
Insufficient	correlaHons	in	the	tropics:	short	DA	windows	=	2	H	except	for	GC	(6H)



Tropospheric	OH:	Annual	mean

Data	assimilaHon	modified	global	OH	distribuHons	in	all	the	systems	considerably,	
associated	with	changes	made	to	ozone,	CO,	and	NOx.	

+25%

-30%

+50%

Model

Assim

Assim−	
Model
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1.30 1.36 1.29 1.31 1.29±0.03

1.16 1.23 1.18 1.21 1.18±0.03

Model

Assim

-55%

The	significant	changes	in	OH	are	important	in	propagaHng	the	observaHonal	informaHon	
and	modulaHng	the	chemical	lifeHmes	of	many	species

MulH-model

NH-SH	OH	raEo

RelaEve	changes	[%]		
in	mulE-model	OH	spread	

by	data	assimilaEon
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Central Africa
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GEOS-Chem
AGCM-CHASER
MIROC-Chem
MIROC-Chem-H

Global	total	emissions:	from	39.1TgN	(GC)	to	51.9TgN	(CHASER)	
MulE-model	SD:	13–31%	for	industrialized	areas	and	4–21%	for	BB	areas	NOx	

emissions

A	posteriori
A	priori

Commonly	suggested	potenHal	problems	in	the	bonom-up	inventories:		
summerHme	soil	emissions	(too	low),	open	BB	emissions	in	spring	over	India	(missing),		

BB	emissions	over	South	America	(too	high)	and	central	Africa	(too	low)

5.1TgN±21% 5.9TgN±21%

2.6TgN±12% 2.3TgN±10%



Multi-model	decadal	chemical	reanalyses
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NOx	emissions:	ChinaNOx	emission	changes	
from	2010-2014	to	2015-2017



Conclusion

• We	introduced	the	MOMO-Chem	framework	can	integrate	a	poroolio	of	forward	
chemical	transport	models	in	a	state-of-the-art	EnKF	DA	system.		

• This	system	is	capable	of	simultaneously	opHmizing	both	chemical	concentraHons	
and	emissions	of	mulHple	species	through	ingesHon	of	a	suite	of	measurements	
(ozone,	NO2,	CO,	HNO3)	from	mulHple	satellite	sensors.	

• The	MOMO-Chem	framework	provides	integrated	unique	informaHon	on	the	
tropospheric	chemistry	system	including	precursor’s	emissions,	that	are	less	
dependent	on	the	characterisHcs	of	individual	models.	

	(Miyazaki,	Bowman	et	al.,	to	be	submined)	

Current	&	future	applicaEons	at	JPL:	

• Decadal	variaHons,	TROPOMI	mulH-consHtuent	assimilaHon,	mulH-reanalysis	
comparisons,	evaluaHons	of	satellite	retrievals	and	models,	AQ-GHG	synergies	
(CMS-Flux),	comparisons	with	4D-VAR,	GCHP-EnKF,	WRF-GC-EnKF	

We	welcome	collaboraEons!


